Abstract
plane of nutrition (P < 0.001). While there was no effect of plane of nutrition, BHB 
Introduction

45
The genetic composition of the Holstein-Friesian (F) and Jersey (J) breeds has 46 changed over the last 40 years with breeding programmes for both breeds focussing 3 on intensive selection for milk-related traits (Haskell et al., 2014) . This genetic 48 selection has resulted in nutrients being partitioned towards the mammary gland at 49 the expense of muscle growth and, as a result of selection for milk production in the 50 female, dairy-bred males are regarded as low-value animals, due to their limited 51 potential for muscle growth. In addition, pre-weaning feeding regimes have not been 52 tailored to match the changes in genetics, despite the two breeds having different 53 birth weights, average daily gains (ADG) and mature bodyweights (McNamee et al., 54 2015) .
55
The volume of milk replacer offered to calves during pre-weaning has been 56 demonstrated to have a significant effect on performance and health (Ballou et al., 57 increased milk replacer intake reduces pre-weaning concentrate intake. The 73 importance of degradable carbohydrate supply from concentrate intake for rumen 74 development has been recently reviewed (Khan et al., 2016) highlighting the need to 75 design pre-weaning regimes to optimise solid feed intake, particularly where greater 76 quantities of milk replacer are offered.
77
Improvements in technology have led to the advent of automatic calf-feeding 78 systems which can greatly reduce the labour associated with bucket feeding on 79 farms. In addition, the health of the calf can be monitored as the systems can calves receive milk) and unrewarded (no milk dispensed) visits to the machine.
122
Holstein-Friesian calves on the high, medium and low planes of nutrition were 123 offered 8 L containing 1200 g MR, 6 L containing 800 g MR and 4 L containing 500 g 124 MR daily, respectively. Jersey calves on high, medium and low planes of nutrition 125 were offered 6 L (800 g), 4 L (500 g) and 3.5 L (350 g) of MR daily, respectively.
126
Concentrates were offered either ad libitum, to a maximum of 1.5 kg or to a 127 maximum of 1 kg daily to high, medium and low calves, respectively. Diet design The health status, immunological profiles and overall health management of 145 the animals used in this experiment has been previously characterized (Johnston et 146 al., 2015) .
147
[Insert Tables 1 and 2.] 148
Measurements
149
Calves were weighed weekly and blood samples were collected via jugular 150 venipuncture on weeks 1, 4 and 7 relative to the start of the trial period. On each 151 occasion, blood was collected into a 9-mL evacuated tube containing lithium heparin 152 as an anticoagulant (Greiner Vacuette; Cruinn Diagnostics, Dublin, Ireland).
153
Concentrations of albumin, urea, total protein, β-hydroxybutyrate (BHB), glucose, 154 non-esterified fatty acid (NEFA), triglycerides, and creatinine were determined as 
Statistical Analysis
167
All data were analysed, within breed, using Statistical Analysis Software (SAS v9.3 ).
168
Data were tested for normality (UNIVARIATE procedure) Table 4 ). Albumin was greater on week 1 than either weeks 4 or 7 (P < 223 0.01). In F calves, BHB concentrations decreased with increasing plane of nutrition 224 (P < 0.001; Table 4 ). In contrast, there was no effect of plane of nutrition on BHB Table 4 ). In all groups of calves, concentrations of creatinine decreased between 229 week 1 and 7 of the study (P < 0.001).
230
Holstein-Friesian calves on high and medium planes of nutrition had lower 231 globulin concentrations than those on a low plane of nutrition (P < 0.01; Table 4 ).
232
Globulin concentrations in J calves were unaffected by plane of nutrition (P = 0.11).
233
Globulin concentrations decreased, in both breeds between weeks 1 and 4 (P < 234 0.05) and remained at this concentration, to week 7 of the study. Concentrations of 235 glucose were greater in F calves offered a high compared to a medium or low plane 236 of nutrition (P < 0.01; Table 4 ). Plane of nutrition had no effect on glucose 237 concentrations in J calves (P = 0.50). Glucose concentrations remained at similar 238 concentrations between weeks 1 and 7 of the study (P = 0.59). Concentrations of 239 NEFA were unaffected by plane of nutrition, irrespective of breed (P > 0.10; Table 4 ).
There was a quadratic effect of week on NEFA concentration (P < 0.001); NEFA 241 concentrations were the same at weeks 1 and 7, but exhibited a dramatic decrease 242 at week 4.
243
Total protein concentrations were similar in F calves offered a high or medium 244 plane of nutrition and both were lower than in calves on a low plane of nutrition (P < 245 0.05; Table 4 ). Plane of nutrition offered to J calves, had no effect on total protein followed by an increase at week 7 (P < 0.001). Plane of nutrition had no effect on 256 urea concentrations in either F or J calves (P > 0.10; This study highlights breed-specific feeding behaviour, systemic metabolite and Figure S1) . A 334 similar relationship was observed when F calves offered 500 g MR/day consumed 335 more concentrate at a younger age than their contemporaries offered 1080 g 336 MR/day (Terré et al., 2007) . In that study, the lower concentrate and greater milk 337 consumption led to poorer nutrient absorption, determined by measuring whole tract 338 digestibility.
Plasma Metabolites
340
Systemic concentrations of glucose generally reflected dietary feed intake in F 341 calves. In contrast, glucose was unaffected by plane of nutrition in J calves, which 342 was unexpected given the dietary design and is in contrast to the findings of others 343 (Ballou et al., 2015) . Given that an increased levels of glucose have been associated 344 with decreased insulin sensitivity in calves (Cheng et al., 1997) ; the greater glucose Beta-hydroxybutyrate has been shown to indicate a shift in source of nutrients i.e.
355
from liquid feed to solids (Coverdale et al., 2004) and has also been used as an 356 indicator of rumen development in dairy calves (Khan et al., 2011b) . Taking the 357 differences between planes of nutrition in F calves, the lack of differences between J 358 calves and the increase in BHB over time, our findings show that BHB 359 concentrations do reflect increased concentrate intake which may lead to an 360 increase in rumen development.
361
The lack of difference in NEFA concentration between planes of nutrition 362 within both breeds was indicative that both breeds, across all treatments remained in 363 an anabolic state. In the study of (Smith et al., 2002) , Holstein-Friesian bull calves were offered three different planes of nutrition (550, 900 or 1080 g MR/day) leading 365 to three divergent growth rates though no clear differences in systemic NEFA 366 concentrations could be detected between the treatment groups. In the current 367 study, NEFA concentrations fluctuated over time, in agreement with Stanley et al.
368
(2002) when F and J calves were compared on a once or twice per day feeding 369 regime.
370
Concentrations of albumin, total protein and globulin were greatest on week 1 371 and then began to decrease, in agreement with other studies (Mohri et al., 2007) .
372
The decrease in creatinine, total protein and globulin with age, is consistent with 373 previous findings; however, the aim of the aforementioned study was to profile The lack of a dietary effect on urea concentrations was unexpected as a 387 recent study with calves (Berends et al., 2014) showed that increased starter intake 388 led to greater nitrogen retention. In the current study, calves on a low plane of nutrition, irrespective of breed, had increased concentrate intake so it could be 390 expected that they should have had a greater urea concentration. The trend towards 391 lower concentrations of urea with advancing age observed here is unusual as 392 concentrate consumption of the calves increased as they approached weaning 393 (Supplementary figure -S1 ). It is also likely, however, that due to the restriction 394 imposed on the concentrate intake of both low and medium plane of nutrition calves, 
409
Conclusion
410
In conclusion, there was no evidence of a significant improvement in pre-weaning 2 Refers to week of trial period, i.e. 1= week 1, 2= week 4, 3= week 7. BHB = Beta-hydroxybutrate, NEFA = Non-esterified fatty acid S.E.M.= standard error of mean a,b,c superscripts with different letters within row are different (P < 0.05); ns = non-significant (P > 0.10)
